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25
The arrangement of continents on the Earth's surface plays a fundamental role in the Earth's 
36
Charles Lyell was the first to consider the influence of paleogeography on surface temperatures,
37
in the context of the connection between climate and the modern distribution of land and sea 38 (Lyell, 1832 forcing (e.g. Philander et al., 1996) . While the magnitude of insolation changes through each 51 orbital cycle is identical for both hemispheres, the difference in climatic response can be 52 attributed to the fact that Northern Hemisphere is land-dominated while Southern Hemisphere is 53 water dominated (Croll, 1870) . This results in a stronger response to orbital forcing in the
54
Northern Hemisphere relative to the Southern Hemisphere.
55
The distribution of continents and oceans have an important effect on the spatial heterogeneity of 56 the Earth's energy balance, primarily via the differences in albedos and thermal properties of 57 land versus ocean (Trenberth et al., 2009 ). The latitudinal distribution of land has a dominant 58 effect on zonally averaged net radiation balance due to its influence on planetary albedo and 59 ability to transfer energy to the atmosphere through long-wave radiation, and fluxes of sensible 60 and latent heat. The latitudinal net radiation gradient controls the total poleward heat transport 61 requirement, which is the ultimate driver of winds, and ocean circulation (Stone, 1978 The GCM experiments are divided into three sets: 1) Preindustrial CONTROL 2) NORTH- 
Symmetry (and asymmetry in GCM results)
144
In the first experimental setup, we run the GCM with modern day orbital configuration, i.e.
145
eccentricity is set at 0.0167, obliquity is set at 23.5° and precession such that perihelion forcing. Figure 3d shows the PDD for modern orbit, with zonal averages plotted in the log scale.
156
The asymmetry between the Northern and Southern Hemispheres is captured by the GCM in the 157 calculated PDDs. 
Modern Orbit Simulations
(LAE), is defined as follows: 
where T i control and PDD control are the mean daily temperature and PDD from the CONTROL temperature, since this metric captures both the intensity and duration of the melt season.
232
Changes in precession primarily affect seasonal insolation intensity that is well known to be out- Earth with symmetric continents, the climate response to precession is symmetrical ( Figure 5c 242 and 5d).
243
In contrast to precession, obliquity alters the seasonality of insolation equally in both 
Results of Idealized Orbit Simulations
256
The effect of SH continental geography on NH at the idealized orbits is estimated using the same 257 method described above, with the LAE for a given orbit (for NH) calculated as:
Similarly, the effect of NH continental geography on SH at the idealized orbits is estimated using 260 the same method described above, with the LAE for a given orbit (for SH) calculated as: Figure 6a shows the spatial variation of LAE when perihelion coincides with Northern equinox is at perihelion (EP1) and when Northern Hemisphere autumnal equinox is at perihelion 282 (EP2). The LAE is in general weaker at the equinoxes than at the solstices.
283
At HIGH obliquity, there exists a negative effect on Northern Hemisphere continents ( Figure   284 6e), which mutes the strong insolation intensity during summer months. In the Northern 
LAE for orbital cycles 298
Next, we calculate the LAE for a transition through a precessional cycle. We take two arbitrary 299 end points in the precessional cycle (NHSP and SHSP), and calculate the difference of PDDs 300 between the two simulations (ΔPDD precession_cycle ). The LAE for precessional cycle is therefore 301 calculated as:
The LAE shows a strong negative effect in the Northern Hemisphere (Figure 7a ). For the 
312
To calculate the LAE for a transition through the obliquity cycle, we take the highest and lowest 313 obliquities (HIGH and LOW), and calculate the difference of PDDs between the two simulations 314 (ΔPDD obliquity_cycle ). ). The LAE for obliquity cycle is therefore calculated as:
The Northern Hemisphere shows a small negative effect in the high latitudes, and a positive 
Correlations between LAE and various climatological variables
327
A comprehensive, mechanistic evaluation of the hemispheric effect is beyond the scope of this 328 initial study. However, as a first step, we test the relationship between the hemispheric LAE and and snow albedo).
333
Total cloud amount, and liquid water content are used to calculate the "Cloud Effect" (Figure 8a 334 and 8b), in a similar way as the calculation of LAE. At latitudes above 60º, the "Cloud Effect"
335
shows a strong, positive correlation with the LAE (Figure 9a and 9b) . Here, the increased cloud 336 cover causes a net warming, also demonstrated by the strong positive correlation in net long 337 wave radiation in the same latitudes (Figure 9c ). In the tropics, where mean annual insolation 338 intensity is higher, we find a negative correlation between the "Cloud Effect" and LAE, with 339 increased cloud amounts impacting short-wave absorption via their impact on albedo.
340
Fractional snow cover and snow thickness also show a strong negative correlation everywhere 
